The phase 3, randomized Frontline Investigation of Revlimid and Dexamethasone Versus Standard Thalidomide (FIRST) trial investigating lenalidomide plus low-dose dexamethasone until disease progression (Rd continuous) vs melphalan, prednisone and thalidomide for 12 cycles (MPT) and Rd for 18 cycles (Rd18) in transplant-ineligible patients with newly diagnosed multiple myeloma (NDMM) showed that Rd continuous prolonged progression-free survival and overall survival compared with MPT. A subanalysis of the FIRST trial was conducted to determine the benefits of Rd continuous in patients with NDMM based on depth of response. Patients randomized 1:1:1 to Rd continuous, Rd18 or MPT were divided into subgroups based on best response: complete response (CR; n = 290), ⩾ very good partial response (VGPR; n = 679), ⩾ partial response (PR; n = 1 225) or ⩽ stable disease (n = 299). Over 13% of patients receiving Rd continuous who achieved ⩾ VGPR as best response did so beyond 18 months of treatment. Rd continuous reduced the risk of progression or death by 67%, 51% and 35% vs MPT in patients with CR, ⩾ VGPR and ⩾ PR, respectively. Similarly, Rd continuous reduced the risk of progression or death by 61%, 54% and 38% vs Rd18 in patients with CR, ⩾ VGPR and ⩾ PR, respectively. In patients with CR, ⩾ VGPR or ⩾ PR, 4-year survival rates in the Rd continuous arm (81.1%, 73.1% or 64.6%, respectively) were higher vs MPT (70.8%, 59.8% or 57.2%, respectively) and similar vs Rd18 (76.5%, 67.7% and 62.5%, respectively). Rd continuous improved efficacy outcomes in all responding patients, including those with CR, compared with fixed duration treatment.
INTRODUCTION
For patients with newly diagnosed multiple myeloma (NDMM), treatment objectives include disease control and extended survival. 1, 2 Maintaining response is an important factor for prolonging survival in patients with multiple myeloma, in addition to achieving a high quality of response. 3, 4 Moreover, patients with relapsed and refractory multiple myeloma are often more frail because of disease progression or comorbidities and may be unable to receive aggressive, yet efficacious, salvage therapies, highlighting the importance of maintaining first remission. 5 Current standards of care for patients with NDMM who are ineligible for stem cell transplant are fixed duration combination therapy with melphalan, prednisone and thalidomide (MPT) [6] [7] [8] or bortezomib, melphalan and prednisone in many parts of the world. 9, 10 In addition, the pivotal phase 3, randomized international Frontline Investigation of Revlimid and Dexamethasone Versus Standard Thalidomide (FIRST) trial established lenalidomide plus dexamethasone (Rd) until disease progression (Rd continuous) as a new standard of care for this patient population. 11 Specifically, data from the FIRST trial showed that Rd continuous significantly improved progression-free survival (PFS) compared with fixed duration MPT (12 cycles (72 weeks); hazard ratio (HR) for progression or death = 0.72 (95% confidence interval (CI), 0.61-0.85); P o .001) or Rd for 18 cycles (72 weeks (Rd18); HR = 0.70 (95% CI, 0.60-0.82); P o.001).
11 At the interim overall survival (OS) analysis, Rd continuous also improved OS compared with MPT (HR for risk of death = 0.78 (95% CI, 0.64-0.96)). Results from this trial led to the approval of lenalidomide plus low-dose dexamethasone for the treatment of previously untreated multiple myeloma in patients who were ineligible for transplant. 12, 13 Results from a pooled analysis of the phase 3 MM-009 and MM-010 studies of lenalidomide plus low-dose dexamethasone in patients with relapsed and refractory multiple myeloma showed that patients who continued treatment experienced prolonged OS compared with those who discontinued treatment before disease progression.
14 Furthermore, another pooled analysis of the same two trials found that higher quality responses to lenalidomide plus low-dose dexamethasone were associated with an OS benefit in patients with relapsed and refractory multiple myeloma. 15 However, it is unknown whether continuing Rd therapy until disease progression results in improved outcomes for patients with NDMM in all response categories, especially for those who achieve complete remission. This retrospective post hoc analysis of the FIRST trial examined subgroups of patients based on best response achieved to determine the impact of continuing treatment with Rd on PFS and OS. /l, untransfused platelet count o50 × 10 9 /l, or aspartate aminotransferase or alanine aminotransferase 43.0 × the upper limit of normal; renal failure requiring dialysis; peripheral neuropathy ⩾ grade 2; or a history of malignancies, other than multiple myeloma, within the last 3 or fewer years were also excluded.
Assessments
The primary endpoint was PFS, defined as time from randomization to the first documentation of disease progression or death because of any cause. Secondary endpoints included OS (time from randomization to death because of any cause), duration of response (time of initial response to confirmed disease progression), time to response (time from randomization to first response), time to second antimyeloma treatment (time from randomization to the first day the patient received second-line anitmyeloma treatment) and safety. Response and disease progression data reported here were investigator assessed using the International Myeloma Working Group criteria. 16 An independent committee monitored efficacy and safety data throughout the study. Patients were retrospectively divided into four response subgroups: complete response (CR), ⩾ very good partial response (VGPR; CR or VGPR), ⩾ partial response (PR; CR, VGPR or PR) and ⩽ stable disease (SD; SD or progressive disease). Patients who did not have any evaluable response were not included in this analysis. Landmark analyses of PFS and OS were conducted at 18 months after randomization for patients who achieved CR or ⩾ VGPR. The primary comparators in the MM-020 trial, and hence this analysis, were Rd continuous vs MPT, as the study was not powered for the comparisons of Rd continuous vs Rd18 and Rd18 vs MPT. The purpose of this analysis was to evaluate the benefit of continuous Rd treatment vs MPT for patients with deep responses. As the response categories are mutually exclusive and add up to the total population, each individual response category (CR, (25) 18 (27) 84 (33) 81 (32) (21) 16 (24) 51 (20) 59 (23) 29 (17) 86 (20) 85 (20) 67 (18) 20 (26) 23 (26) 27 (20) CrCl (ml/min), n (%) o30 7 (6) 12 (11) 7 (11) 14 (5) 22 (9) 18 (11) 29 (7) 31 (7) 30 (8) 7 (9) 11 (12) 19 (14) ⩾ 30 to o50 23 (20) 14 (13) 12 (18) 59 (23) 48 (19) 34 (20) 107 (25) 84 (20) 74 (20) 13 (17) 28 (31) (Figure 1a) . In contrast, 2.7% (n = 7) of patients who achieved ⩾ VGPR as best response with Rd18 did so beyond 18 months of treatment (Figure 1b) .
Duration of response was substantially longer with Rd continuous vs MPT and Rd18 across all response subgroups, especially in patients with ⩾ VGPR and those with CR ( Figure 2 Progression-free survival Rd continuous treatment prolonged PFS in responding patients compared with MPT and Rd18, with a reduction in the risk of progression or death by 35% and 38%, respectively (Figure 3 ). This benefit was even more pronounced in patients with higher quality responses. Patients who achieved CR or ⩾ VGPR had a 67% and 51% reduction in the risk of progression or death with Rd continuous vs MPT, respectively. Similarly, Rd continuous reduced the risk of progression or death by 61% and 54% vs Rd18 in patients with CR and ⩾ VGPR, respectively. Rates of 4-year PFS were nearly doubled with Rd continuous vs MPT or Rd18 for those achieving CR (74.8% vs 37.5% or 39.8%, respectively) and more than doubled in patients achieving ⩾ VGPR (54.7% vs 23.0% or 22.6%, respectively) or ⩾ PR (39.1% vs 14.7% or 15.5%, respectively). A PFS benefit was observed with higher quality responses within all treatment arms (Supplementary Figure 3) .
To further evaluate continuous treatment with Rd vs fixed duration treatment with MPT among patients with deep responses, landmark analyses of PFS were performed at 18 months for patients with CR or ⩾ VGPR. Among the 259 patients who achieved CR and were evaluable at this time point, median PFS was 42.0 months with Rd continuous compared with 21. Table 3 . The safety profile of each treatment was generally consistent across response subgroups. However, for patients in the Rd continuous and Rd18 arms, lower rates of grade 3/4 neutropenia and anemia were observed with a higher quality response.
Rates of dose reductions, dose interruptions and discontinuations of lenalidomide because of treatment-emergent adverse events were generally higher with Rd continuous vs fixed duration Rd18 treatment in patients with responses of CR, ⩾ VGPR or ⩾ PR. Rates of lenalidomide discontinuation with Rd continuous were generally comparable with rates of thalidomide discontinuation with fixed duration MPT across all response subgroups. In the 271 patients in the Rd continuous arm treated for ⩾18 months, 10.3% (n = 28), 11.1% (n = 30), 11.4% (n = 31) and 13.3% (n = 36) of patients were being treated with lenalidomide without dexamethasone at month 18, 24, 30 and 36, respectively. In these 271 patients, the median durations of lenalidomide and dexamethasone treatments were 36.5 and 29.8 months, respectively, and the median duration of lenalidomide treatment after dexamethasone discontinuation was 16.1 months. In addition, 15.1% (n = 41), 10.3% (n = 28), 8.5% (n = 23), 5.9% (n = 16) and 4.1% (n = 11) of patients in the Rd continuous arm treated for ⩾ 18 months were receiving lenalidomide alone without dexamethasone for at least 12, 18, 24, 30 and 36 months, respectively. Of patients who remained on treatment in the Rd continuous arm at 1 year (n = 422), 2 years (n = 276) and 3 years (n = 171), 28.0%, 38.8% and 50.3%, respectively, were not receiving lenalidomide at their initial dose within the previous six cycles of treatment.
DISCUSSION
This retrospective post hoc analysis of the FIRST trial, the largest prospective phase 3 study of transplant-ineligible patients with Although it is known that greater depth of response is associated with improved outcomes in patients with multiple myeloma, it remains to be determined whether continuing therapy once complete or high-quality responses are achieved improves patient outcomes. [18] [19] [20] [21] [22] This analysis of the FIRST trial demonstrates that Rd continuous compared with MPT or Rd18 resulted in significantly more durable responses and prolonged PFS in all response subgroups, including those with CR. Furthermore, these differences in PFS between Rd continuous and MPT were preserved in the 18-month landmark analyses of patients who achieved CR or ⩾ VGPR. In the FIRST trial, Rd continuous treatment induced and maintained durable responses that were prolonged by 19 months or more in patients with CR or ⩾ VGPR compared with MPT and Rd18. Importantly, the superior durability of high-quality responses, CR or ⩾ VGPR, with Rd continuous compared with MPT resulted in a respective 10.3% and 13.3% improvement in 4-year survival.
This subanalysis of the FIRST trial is in agreement with the previous findings in favor of depth of response as a surrogate marker for survival, and also shows an added benefit of treatment duration. One retrospective analysis reported that approximately 40% of patients who had achieved CR had relapsed at the time of analysis, highlighting the need for long-term disease control to improve outcomes. 22 Our results confirm that it is not only important to achieve a response, but that responses can be maintained by long-term treatment and, consequently, PFS can be further improved in patients with deep responses. This subanalysis demonstrates that continuous treatment significantly benefits all patients, regardless of best response. In fact, the rate of 4-year PFS with Rd continuous in all responders ⩾ PR (39.1%) was comparable to that in patients with CR treated with MPT (37.5%) or Rd18 (39.8%). This highlights the importance of factors beyond quality of response for determining outcomes, such as maintaining a response with continuous treatment. Of note, 91 responding patients (⩾ PR) were still on Rd continuous treatment at the time of data cutoff, including 49 patients with CR (which constituted nearly half the patients who achieved CR with Rd continuous), and 80 patients with ⩾ VGPR. There were marginal survival benefits for responders with Rd continuous vs Rd18; interestingly, the benefits were more pronounced in patients with CR or ⩾ VPGR.
With appropriate dose modifications, continuous treatment with Rd until disease progression was feasible, resulted in rapid and sustained disease control, and improved long-term survival outcomes vs treatment with MPT. These data support the use of Rd continuous therapy beyond achievement of best response until disease progression as a standard treatment regimen for transplant-ineligible patients with NDMM, especially patients who achieve high-quality responses.
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